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SUMMARY 
The b u c k l i n g l o a d s o f r e c t a n g u l a r p l a t e s are an Im­
p o r t a n t f a c t o r In the de s ign o f many types o f c i v i l , 
mechan ica l , and a e r o n a u t i c a l s t r u c t u r e s . One s o l u t i o n to 
a p r e v i o u s l y unso lved s t a b i l i t y p rob lem I n v o l v i n g a square 
p l a t e under one d i r e c t i o n a l p a r a b o l i c edge compres s ion Is 
p r e sen t ed In t h i s t h e s i s . The same l o a d i n g c o n d i t i o n i s 
i n v e s t i g a t e d f o r clamped and s imply suppor ted p l a t e s . Even 
though o n l y one l o a d i n g c o n d i t i o n w i t h a p l a t e a s p e c t r a t i o 
o f one to one I s c o n s i d e r e d , the method i s q u i t e gene ra l 
and can be used t o s o l v e p a r t i a l and o t h e r nonhomogeneous 
edge l o a d i n g s w i t h no major changes i n p r o c e d u r e . 
The f i r s t s tep i n the o v e r a l l s o l u t i o n o f t h i s p r o ­
blem i s the de t e rmina t ion o f the p r e - b u c k l i n g s t r e s s d i s ­
t r i b u t i o n i n the p l a t e . This p a r t o f the p rob lem was s o l v e d 
n u m e r i c a l l y by approximat ing the e o m p a t a b i l i t y e q u a t i o n 
wi th a f i n i t e - d i f f e r e n c e e q u a t i o n and de termining the value 
o f the s t r e s s f u n c t i o n a t a number o f p o i n t s in the p l a t e . 
The s t r e s s d i s t r i b u t i o n Is o b t a i n e d us ing I4OO p o i n t s i n the 
p l a t e o 
With the s t r e s s known a t each p o i n t in the p l a t e , 
v i i i 
i t i s then p o s s i b l e to r e p r e s e n t the p l a t e d e f l e c t i o n equa­
t i o n i n f i n i t e d i f f e r e n c e form i n v o l v i n g the s t r e s s e s and 
the c r i t i c a l l o a d i n t e n s i t y . The b u c k l i n g l o a d i s ob t a ined 
by g e n e r a t i n g the equa t ions f o r va ry ing l o a d i n t e n s i t y and 
then f i n d i n g the s m a l l e s t va lue o f l o a d i n t e n s i t y f o r which 
the determinant o f the system i s z e r o * 
R e s u l t s i n d i c a t e tha t a square p l a t e p a r a b o l i c a l l y 
l o a d e d w i l l s u s t a i n a l o w e r t o t a l l o a d than a un i formly 
LOADED SQUARE P L A T E . THE ENTIRE PROBLEM I S programmed in 





The p rob lem to be c o n s i d e r e d i s the d e t e r m i n a t i o n o f 
the l o a d at which b u c k l i n g o c c u r s In a square p l a t e w i th s im­
p l y suppor ted o r f i x e d edges and l o a d e d as shown i n F igure 1 , 
The t h e o r e t i c a l e l a s t i c b u c k l i n g l o a d o f a f l a t p l a t e 
i s the l o a d r e q u i r e d t o main ta in the o r i g i n a l l y s t r a i g h t 
p l a t e in a s l i g h t l y bent fo rm. This l o a d i s impor tant In d e ­
s i g n s i n c e b u c k l i n g i s the I n i t i a l s tep i n the changing 
p l a t e c o n f i g u r a t i o n which l e a d s to a s t a b i l i t y type o f f a i l ­
ure . 
Any mathematical s o l u t i o n to a s t a b i l i t y p rob lem r e ­
qu i res tha t e q u i l i b r i u m , s t r a i n c o m p a t a b i l i t y , and boundary 
c o n d i t i o n s be s imu l t aneous ly s a t i s f i e d * The e q u i l i b r i u m and 
c o m p a t a b i l i t y equa t i ons are combined i n t o a s i n g l e d i f f e r e n t i a l 
equa t ion f o r the p l a t e d e f l e c t i o n which i s g i v e n by Timoshenko 
(Refe rence 1 , p . 3 2 I | ) as? 
( 1 ) 
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where w = d e f l e c t i o n p e r p e n d i c u l a r to the p lane o f 
the p l a t e 
D = E T 3 / I 2 ( l » / 1 2 ) 
/ \ - P o i s son T s r a t i o 
N x , Ny - Normal f o r c e s p e r un i t o f edge l e n g t h a c t ­
ing i n the x and y d i r e c t i o n s , r e s p e c t i v e l y 
N___ = Shear f o r c e s p e r u n i t l e n g t h in the xy p lane 
There are two b a s i c methods o f approach when working 
wi th e q u a t i o n 1 » I f p o s s i b l e , i t i s d e s i r a b l e t o i n t e g r a t e 
the e q u a t i o n and use the p a r t i c u l a r boundary c o n d i t i o n s a t 
hand to determine the i n t e g r a t i o n c o n s t a n t s 0 This p r o c e ­
dure y i e l d s e x a c t answers , but u n f o r t u n a t e l y can be f o l l o w e d 
in o n l y a few o f the many problems which a r i s e in p r a c t i c e 0 
An a l t e r n a t i v e approach i n v o l v e s the use o f mathe­
mat i ca l o r numer ica l methods which do no t c o m p l e t e l y s a t i s f y 
the p l a t e equat ion* These methods do n o t g i v e e x a c t answers , 
but the approximate answers are a ccu ra t e enough f o r de s ign 
work o 
Equat ion 1 i s most e a s i l y a p p l i e d t o c a s e s wi th the 
f o r c e s N x , N Y and N X y c o n s t a n t throughout the p l a t e 0 I f 
the f o r c e s are n o t c o n s t a n t , the p rob l em i s more d i f f i c u l t 
s i n c e e q u a t i o n 1 becomes a v a r i a b l e c o e f f i c i e n t d i f f e r e n t i a l 
equation, , 
For the p l a t e c o n s i d e r e d here the f o r c e s are v a r i a b l e , 
k 
and mat ters are f u r t h e r c o m p l i c a t e d because o f the unknown 
f o r c e d i s t r i b u t i o n w i t h i n the p l a t e « These two f a c t o r s 
immediately make the e x a c t I n t e g r a t i o n o f e q u a t i o n 1 impos­
s i b l e o One Is the re for® f o r c e d to the approximate schemes, 
an energy o r f i n i t e d i f f e r e n c e approach„ 
I t I s FELT tha t the main d isadvantage OF an energy 
approach I s I t s l a c k o f versa t i l i ty<> For example , i f the 
suppor t s and /o r l o a d s are d i s c o n t i n u o u s a t the p l a t e e d g e s , 
an energy SOLUTION WOULD be d i f f i c u l t y WHEREAS A F I N I T E -
d i f f e r e n c e approach Is e a s i l y adap tab le to any combina t ion 
o f suppor t and l o a d i n g c o n d i t i o n s 0 
Using f i n i t e - d i f f e r e n c e equations^, the p rob lem must 
be t r e a t e d as two separa te problems - - de te rmining the s t r e s s 
d i s t r i b u t i o n i n the p l a t e , and then c a l c u l a t i n g i t s buck­
l i n g LOADO 
The f i r s t p a r t i s done by f i n d i n g a s t r e s s f u n c t i o n 
which s a t i s f i e s the equa t ion 
and the boundary c o n d i t i o n s « A f t e r the s t r e s s f u n c t i o n 
has been determined, the s t r e s s e s may e a s i l y be c a l c u l a t e d 
and used i n the second p a r t o f the problem., 
5 
Equat ion 1 i s then t ransformed i n t o a system o f l i n e a r 
d e f l e c t i o n e q u a t i o n s . This e q u a t i o n i n v o l v i n g 1 3 ad j acen t 
p o i n t s i s w r i t t e n f o r each o f the p o i n t s w i t h i n the p l a t e . 
The l o a d a t which b u c k l i n g o c c u r s can be found by de termin­
ing the l o a d i n t e n s i t y which causes the determinant o f the 
c o e f f i c i e n t s o f the d e f l e c t i o n e q u a t i o n to equal z e r o 0 
Both the p r e - b u c k l i n g s t r e s s d i s t r i b u t i o n and the 
b u c k l i n g l o a d e v a l u a t i o n s are approximate i n tha t the f i n i t e -
d i f f e r e n c e e q u a t i o n s c a n n o t p o s s i b l y r e p r e s e n t d i f f e r e n t i a l 
equa t ions e x a c t l y0 Accuracy depends q u i t e h e a v i l y on the 
f i n e n e s s o f the s u b d i v i d i n g mesh which i n turn determines 
the number o f p o i n t s c o n s i d e r e d on the p l a t e 0 This method 
of de termining b u c k l i n g l o a d s has n o t been w i d e l y used due 
to the l a r g e amount o f numer ica l work r e q u i r e d , a l though 
S a l v a d o r ! (Refe rence 2 ) and White (Re fe rence 3 ) have done 
work i n t h i s f i e l d 0 
I t i s i m p o s s i b l e t o s t a t e e x a c t l y the magnitude o f 
e r r o r s i n t r o d u c e d by the two f i n i t e - d i f f e r e n c e o p e r a t i o n s 
i n v o l v e d i n the comple te s o l u t i o n e However, some gene ra l 
s ta tements can be made 0 
The f i r s t o p e r a t i o n which determines the s t r e s s d i s ­
t r i b u t i o n i n t r o d u c e s a small e r r o r „ For example , Refe rence l\ 
i n d i c a t e s good agreement between the f i n i t e - d i f f e r e n c e scheme 
6 
AND A MORE PRECISE STRESSOR UNCTION SOLUTION,, THE ERROR "BE­
TWEEN THE F I N I T E - D I F F E R E N C E APPROACH, WHICH EMPLOYED AN 
8 X 8 MESH, AND THE MORE PRECISE METHOD COULD HAVE BEEN 
REDUCED BY USING A F INER MESH 0 THE AVERAGE ERROR I N 
STRESSES, WITH A 2 0 X 2 0 MESH, I S PROBABLY REDUCED TO LESS 
THAN THREE PERCENT 0 (A COMPARISON OF REFERENCE 1 0 , P C 1 6 7 9 
AND TABLE AL W I L L HELP TO SUBSTANTIATE T H I S STATEMENTO) 
THE F I N I T E - D I F F E R E N C E BUCKLING EQUATION INTRODUCES 
AN ADDIT IONAL ERROR E PART OF T H I S I S CAUSED FROM THE OB­
VIOUS W F I N I T E = D I F F E R E N E E EQUATION 8 9 APPROXIMATION, AND THE 
REMAINDER I S THE RESULT OF USING N AVERAGE 1 9 VALUES OF THE 
STRESSES CONSISTENT WITH THE SMALLER NUMBER OF EQUATIONS 
USED I N THE DETERMINANT EVALUATION*, THE LATTER ERROR I S 
FELT TO BE EXTREMELY SMALL„ WHITE (REFERENCE 3 ) PRESEN­
TED THE ERRORS I N F I N I T E - D I F F E R E N C E SOLUTIONS FOR BUCKLING 
LOADS OF PLATES UNDER FULL EDGE COMPRESSION*, THE ERRORS AS 
A FUNCTION OF MESH S I Z E ARE G I V E N I N T A B L E - L P I N WHICH N 
DEFINES THE S I Z E OF AN N X N S U B D I V I D I N G MESHO EXTRAPOLATING 
T H I S DATA FOR A 1 0 X 1 0 MESH, THE S I Z E USED I N T H I S PRESENTA­
T I O N , I N D I C A T E S AN ERROR OF APPROXIMATELY 3<>3 PERCENT 0 THE 
TOTAL ERROR I N THE BUCKLING EQUATION THUS APPEARS TO BE 
APPROXIMATELY FOUR PERCENT 0 
ASSUMING THAT ALL ERRORS ARE OF THE SAME S I G N , THE 
7 
t o t a l maximum e r r o r w i l l be approx imate ly seven p e r c e n t . 
With e r r o r s o f o p p o s i t e s i g n . I t I s e v i d e n t tha t a more 
accura t e s o l u t i o n would r e s u l t 0 
Table 1 0 Er rors In F i n i t e - D i f f e r e n c e S o l u t i o n s 
P l a t e n Percen tage E r r o r 
2 
3 31o3 
Square h 19*2 
5 1 2 . 9 
6 8 . 8 5 
I t i s f e l t tha t the f i n i t e - d l f f e r e n c e approach ho ld s 
the most advantages f o r t h i s type o f problem,, While n o t 
as mathemat ica l ly e l e g a n t as o t h e r methods ment ioned , I t s 
s i m p l i c i t y and g r e a t f l e x i b i l i t y In hand l ing any type o f 
boundary c o n d i t i o n s are s t rong p o i n t s i n i t s f a v o r . I t i s 
a l s o r e a d i l y adapted t o d i g i t a l computers„ 
There are s e v e r a l f a c t o r s t o be c o n s i d e r e d In a p p l y ­
ing f i n i t e - d i f f e r e n c e s to t h i s p rob lem Q The f i r s t p o i n t Is 
whether t o use fo rward , c e n t r a l , o r backward d i f f e r e n c e s . 
I t Is l o g i c a l to use the c e n t r a l d i f f e r e n c e s as they are 
i n v a r i a b l y b e t t e r f o r boundary value p a r t i a l d i f f e r e n t i a l 
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EQUATION PROBLEMS 0 
THE SECOND CONCERNS THE FINENESS OF THE S U B D I V I D I N G 
MESHO BY MAKING THE MESH F I N E R AND F I N E R , MORE POINTS ON 
THE PLATE ARE CONSIDERED, RESULTING I N MORE EQUATIONS AND 
INCREASED ACCURACY 0 
THE THIRD HAS TO DO WITH THE ORDER OF THE F I N I T E -
DIFFERENCE EXPRESSIONS,, THE BASIC DIFFERENCE BETWEEN F I R S T 
AND SECOND ORDER DIFFERENCES I S THAT THE REMAINDER OR ERROR 
TERM WHICH MUST BE ADDED TO ANY DIFFERENCE EXPRESSION I S 
SMALLER FOR HIGHER ORDER TYPE*, ALSO AS THE ORDER INCREASES, 
THE EQUATION FOR EACH P O I N T HAS MORE TERMS I N V O L V I N G ADJACENT 
POINTS G 
I N GENERAL, INCREASED ACCURACY CAN BE OBTAINED BY 
E ITHER USING A F I N E R MESH OR BY USING SECOND ORDER D I F F E R -
ENCESO SALVADORL (REFERENCE 6 , P 0 LLJ.7) SAYS THAT THE CHOICE 
OF PROCEDURE DEPENDS UPON THE PARTICULAR PROBLEM, BUT THAT 
ONLY THE USE OF A F INER MESH CAN GUARANTEE BETTER ACCURACY*, 
SOUTHWELL (REFERENCE 7 ) POINTS OUT THAT THE USE OF 
HIGHER ORDER DIFFERENCES TENDS TO FORCE THE RESULTING CURVE 
OR SURFACE TO HAVE COMPLETE C O N T I N U I T Y I N I T S E L F AND I T S 
DERIVATIVESO T H I S CONTINUITY I S OFTEN NOT PRESENT I N THE 
PHYSICAL PROBLEM^ FOR EXAMPLE, THE DEFLECTION CURVE AND 
F I R S T TWO D E R I V A T I V E S OF A CONTINUOUS THREE SPAN BEAM ARE 
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c o n t i n u o u s , but the t h i r d and h i g h e r d e r i v a t i v e s have d i s ­
c o n t i n u i t i e s a t the s u p p o r t s . He t r e a t s t h i s p o i n t f u r the r 
and c o n c l u d e s that the h ighe r o r d e r formulae "do n o t n e c e s ­
s a r i l y y i e l d r e s u l t s o f 1 9 Inc re as In@ accuracy"*, On the 
o t h e r hand, Wang (Re fe rence 8 ) mentions t ha t h i g h e r o rde r 
d i f f e r e n c e s can c e r t a i n l y l e a d t o i n c r e a s e d accuracy, , 
The w r i t e r ' s d e c i s i o n t o use a r e l a t i v e l y f i n e mesh 
and f i r s t o rde r d i f f e r e n c e s may be q u e s t i o n e d , bu t I T I S 
f e l t tha t t h i s approach I s most l i k e l y t o L E A D t o A C C U R A T E 
r e s u l t s o 
Using the method g i v e n h e r e , a wide v a r i e t y o f buck­
l i n g problems can be so lved , . This i n c l u d e s p l a t e s wi th 
v a r i a b l e moments o f I n e r t i a , a n i s o t r o p i c p l a t e s , p l a t e s 
wi th any type o f edge o r body l o a d i n g s , and I r r e g u l a r l y 
shaped p l a t e s . However, t h i s method i s dependent e n t i r e l y 
upon the use o f a d i g i t a l computer Q 
1 0 
CHAPTER I I 
PLATE STRESS DISTRIBUTION 
S t r e s s F u n c t i o n Equat ions 
The e q u a t i o n d e f i n i n g the s t r e s s f u n c t i o n Ins ide 
the p l a t e i s known as the c o m p a t a b i l i t y e q u a t i o n . 
A f t e r de te rmining the f u n c t i o n () which s a t i s f i e s 
e q u a t i o n 3 and the n e c e s s a r y boundary c o n d i t i o n s , the s t r e s s e s 
i n the p l a t e may be c a l c u l a t e d from the e x p r e s s i o n s 
these r e l a t i o n s h i p s i d e n t i c a l l y s a t i s f y the two d imens iona l 
e q u i l i b r i u m c o n d i t i o n s f o r the p l a t e . 
The f i n i t e - d i f f e r e n c e approx ima t ion t o e q u a t i o n 3 i s 
d e r i v e d i n the Appendix and appears a s : 
V + < | > » 7 ? ( 2 0 K ] - 8 ( ' L > U . , J + ,T > I- . ,J + K J + . + K J - ' J + 2 ( W < + 
11 
where h = s i z e o f square g r i d , i n inches 
i , j = i n t e g e r s u b s c r i p t s whose l o c a t i o n s r e p r e s e n t 
nodal p o i n t s i n the x and y d i r e c t i o n s r e ­
s p e c t i v e l y 
In m o l e c u l a r form e q u a t i o n 3 becomess 
V 4 * 
2 - 8 
,»•*• 
1 - 8 2 0 - S 1 
z - 8 ^ 
O H 
This e q u a t i o n o r o p e r a t o r i s a p p l i e d t o the s t r e s s 
f u n c t i o n <j> a t each o f the nodal p o i n t s i n the p l a t e , thus 
p roduc ing a system o f l i n e a r equa t ions i n (j) i n p l a c e o f 
the biharmonic o p e r a t o r 0 The s imul taneous s o l u t i o n o f the 
system y i e l d s the va lues o f <J) a t each noda l p o i n t , from 
which the s t r e s s e s i n the p l a t e can be c a l c u l a t e d , , A l s o , 
d e r i v e d i n the Appendix are the approx imat ions f o r e q u a t i o n i| 
which are p r e s e n t e d l a t e r i n t h i s c h a p t e r . 
The Burroughs 220 has a l i m i t e d s t o r a g e c a p a c i t y so 
the s t r e s s d i s t r i b u t i o n was s o l v e d as a separa te program. 
A f t e r the s t r e s s d i s t r i b u t i o n was de te rmined , the s t r e s s e s 
were punched on data c a r d s and used as Input data f o r s o l v i n g 
12 
the b u c k l i n g determinant• 
S t ress Func t ion Boundary C o n d i t i o n s 
Since the boundary l o a d i n g c o n d i t i o n s are s p e c i f i e d , 
w i l l be c a l c u l a t e d t o s a t i s f y the a p p l i e d l o a d i n g . The 
b a s i c method o f a n a l y s i s f o r t r e a t i n g boundary c o n d i t i o n s 
i s I d e n t i c a l w i th tha t used by Timoshenko and Good ie r ( R e f e r ­
ence 9 , pp» i | 8 5 - i | 9 0 ) . F igure 1 shows the p rob l em to be 
c o n s i d e r e d ( n o t e that S i s equal t o the l o a d i n t e n s i t y p e r 
un i t a r e a ) . 
I t i s e v i d e n t tha t no shear s t r e s s e x i s t s a l o n g any 
o f the b o u n d a r i e s , Cj'y a long the edges y - ~ a i s z e r o , and 
a t the edges x = - b , (fx = So 
Using e q u a t i o n 1+ s 
I n t e g r a t i o n wi th r e s p e c t t o y y i e l d s s 
d y / 
I n t e g r a t i n g wi th r e s p e c t to y agains 
1 3 
Equat ion 5 i s v a l i d a long the s i d e s x = - b, 
A l s o from e q u a t i o n I 4 ; 
' a ~ a x ' o r , = - 0 
I n t e g r a t i o n t w i c e wi th r e s p e c t t o xs 
( 6 ) 
tant 
Equa t ion 6 i s v a l i d a long the s i d e s y = - a. 
Equat ions 5 and 6 s a t i s f y the c o n d i t i o n 
- ^ ^ - 0 on the edges i f ( x ) and f ^ ( y ) are c o n s 
terms ( n o t a f u n c t i o n o f x or y r e s p e c t i v e l y ) . 
Now the p rocedure f o r de te rmining () and I t s d e r i ­
v a t i v e s w i l l be to s t a r t a t any a r b i t r a r y p o i n t on the bound­
ary and p r o c e e d around the p l a t e , making use o f the c o n t i n u i t y 
which must e x i s t a t the c o r n e r s . Knowing the e q u a t i o n s f o r 
O and i t s f i r s t d e r i v a t i v e s , I t w i l l then be p o s s i b l e to 
determine the va lues o f <|) a t a l l p o i n t s on the boundary, 
LIT 
and a l s o a t p o i n t s j u s t o u t s i d e the boundary. These e x t e r i o r 
p o i n t s must be used i n w r i t i n g those f i n i t e - d i f f e r e n c e equa­
t i o n s c l o s e s t t o the p l a t e e d g e s . 
The s t r e s s e s are independent o f f^ (doub le d i f f e r e n t i a ­
t i o n w i l l e l ima te f ^ ) ; t h e r e f o r e i t can be chosen a r b i t r a r i l y 
a t the s t a r t i n g p o i n t . Here f^ i s taken equal t o z e r o at 
x - - b 3 y = 0 , the s t a r t i n g p o i n t . Since a common p o i n t 
o f the two boundar ies e x i s t s a t the c o r n e r , the v a l u e s o f 
are equa ted! 
0 
Therefore 
f4(y) = p(y%-y/W) ; f2u;=%-f3 
When e v a l u a t e d a t x = - b , y = -a 
Prom e q u a t i o n 5 
< | > = ( - B ) F S +• P ( A Y Z - A % J 
and from equa t i on 6 i t i s o b v i o u s tha t f^ i s an a r b i t r a r y 
c o n s t a n t , and may be s e t equa l t o z e r o . Equat ion 5 becomes 
F - P ( Y Z / Z - ^ / \ Z Q Z ) ( 7 ) 
and e q u a t i o n 6 becomes 
CF> = P ( A Y 2 - Q % q z ) ( 8 ) 
Figure 2 i s o b t a i n e d by using equa t ions 7 and 8, and 
on ly one quar ter o f the p l a t e need be c o n s i d e r e d s i n c e the 
p l a t e i s doubly symmet r i ca l . 
Thus the va lues o f <J) are known a t a l l p o i n t s on the 
boundary. To determine the f i r s t d e r i v a t i v e o f (j) a t the 
boundary we c o n s i d e r the v e r t i c a l s i d e s x ~ t b where we 
know the f i r s t d e r i v a t i v e — - f) . 
I f O . r e p r e s e n t s an extended g r i d p o i n t and (h 
EXU I N T 
r e p r e s e n t s a nodal p o i n t immediat ly i n s i d e the boundary, 
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h x = 0 . 1 a 
O.OOOOO00G-
0 . 0 0 i 4 9 9 l 6 6 
O 0 O 1 9 8 6 6 6 6 
O.Okk32^00 
0 o 0 7 7 8 6 6 6 6 
0 o l l 9 7 9 6 6 7 
0 . 1 6 9 2 0 0 0 0 
0 . 2 2 i | 9 9 l 6 8 
0 . 2 8 5 8 6 6 6 8 
0 0 3 5 0 3 2 5 0 0 
0 , 1 4 1 6 6 6 6 6 7 
1 
L 
hj = 0 « 1 b 
C e n t e r l i n e s o f P l a t e 
Edkes o f P l a t e 
C— C . 
VO VO VO VO VO S O V. 
VO VO VO VO VO VO S O VO VO S O VO 
S O O S O S O VO V£) VO VO S O 
VO VO S O VO VO VO «SO VO V£> S O 
S O «SO S O S O VO VX5 VO VO VO 
T—1 1—1 H H H H R—1 !—1 RH RH H 
-=?• -=T -=T -=F -^R 0 0 0 Q Q 0 0 Q 0 
O 0 O O O O O O 0 O 0 
Figure 2o S t r e s s Func t ion Values ( ^ / p a 2 ) on the Boundary 
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I t f o l l o w s tha t 
a* — foe*t ĵ int ~_ 
boundar ĥ 0 
t h e r e f o r e 
I e * t T i n t (9 ) 
on the s i d e s x = - b 
Now d i f f e r e n t i a t i o n o f e q u a t i o n 7 y i e l d s 
Eva lua t ing t h i s e x p r e s s i o n f o r x = - b and y = - a g i v e s 
|i=p(-a.a/s) = -2pa/. a 
R e a l i z i n g tha t the f i r s t d e r i v a t i v e i s equal t o a 
cons t an t va lue a long the h o r i z o n t a l e d g e s . 
i n t _ 
2h* 
- _ 2pa/5 
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Obvious ly 
T I N T - 4 P a H (10) 
For s i m p l i c i t y In c a l c u l a t i o n s , a va lue o f a = 10" 
i s assigned, . Equat ion 10 becomes ( ) e x ^ . = O - 13.333 a long 
the s i d e s y = - a, when p has been f a c t o r e d o For the o t h e r 
two s i d e s ( the c e n t e r l i n e s o f the p l a t e ) we may u t i l i z e the 
f a c t t ha t t h i s p rob lem i s doub ly symmetrical* Thus () . -
O on the s i d e s x = 0 and y = 0 so tha t the p l a t e wi th 
boundary c o n d i t i o n s a s s igned appears as shown In Figure 3« 
S o l u t i o n o f S t ress Func t ion Equat ions 
One quar te r o f the p l a t e i s d i v i d e d i n t o a mesh o f 
10 x 10 s u b d i v i s i o n s . The s e t o f 100 s imul taneous equa t ions 
i s s o l v e d by a G-auss-Seidel r e l a x a t i o n p r o c e d u r e 0 A f t e r 
1,000 sweeps o v e r the 100 p o i n t mesh, the average r e s i d u a l 
i s reduced t o approx imate ly . 0 0 1 0 , r e q u i r i n g one hour o f 
computer t ime . Obv ious ly t h i s method does n o t converge 
r a p i d l y , but the s i m p l i c i t y o f programming Is not t o be 
o v e r l o o k e d . Perhaps a computer f a s t e r than the Burroughs 
220 would be more p r a c t i c a l f o r t h i s method i f s e v e r a l d i f ­
f e r e n t l o a d i n g c o n d i t i o n s had to be c o n s i d e r e d . 
Other methods would g i v e f a s t e r c o n v e r g e n c e , but are 
19 
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L »3 O f PI a t e > T 
1 1 2 3 i | 5 6 7 8 9 10 1 1 1 2 13 H| 
For 3 s j 5 ? I 2 g 
For 3 < i <12s 
l , j 3 , j 1 1 * , j 1 0 , j ' 
1 3 , J 11,3 
4 - 6 - 13-333333 ; 
1,1 1,3 
1,11+ ' i , 1 0 l i , 1 3 ' l , l l 
Figure 3» S t r e s s Func t ion Values o f Extended P o i n t s 
(See s ta tements 8 through 31 i n Table A l ) 
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more d i f f i c u l t t o program. For example , the A l t e r n a t i n g -
D i r e c t i o n method as o u t l i n e d i n Refe rence 10 and Refe rence 
11 would r e q u i r e approx imate ly ten minutes f o r the same 
accu racy on the same computer« 
The program used was more condensed than i t appears 
i n the Appendix because comments were added f o r the sake 
o f c l a r i t y . A l g o l language I s so v e r s a t i l e and l o g i c a l 
tha t the g e n e r a l p r o c e d u r e can be unders tood even by those 
who have A M I N I M U M OF PROGRAMMING EXPERIENCE. 
C a l c u l a t i o n o f S t r e s s e s 
The b a s i c f i n i t e - d i f f e r e n c e equa t ions f o r the s t r e s ­
ses (T̂ p (fy and T X y are g i v e n by e q u a t i o n A "11. S ince a 
square g r i d was chosen 
21 
In the s e c t i o n on boundary va lues o f (J) 9 i t was p o i n t e d 
out that the boundary va lues are g i v e n i n terms o f a c o n ­
s tan t m u l t i p l i e d by p and t h e r e f o r e a l l va lues o f s t r e s s e s 
must be m u l t i p l i e d by p a^/h^ t o a r r i v e a t t h e i r t rue v a l u e s • 
The s e c t i o n l\0 - \\% i n Table A2 c a l c u l a t e s the s t r e s ­
ses from the p r e v i o u s l y determined va lues o f cj) . 
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CHAPTER I I I 
DETERMINATION OP BUCKLING LOADS 
THE NUMBER OF POSSIBLE PLATE EDGE SUPPORT CONDITIONS 
I S VERY LARGE I F VARIOUS COMBINATIONS ARE CONSIDERED,, PLATE 
EDGES CAN BE SIMPLY SUPPORTED, COMPLETELY F I X E D , FREE, OR 
P A R T I A L L Y RESTRAINED*. I N PRACTICE I T I S POSSIBLE TO HAVE 
MANY COMBINATIONS OF THE FOUR BASIC CONDIT IONS, AND THUS A 
COMPLETE COVERAGE OF ALL P O S S I B I L I T I E S I S BEYOND THE SCOPE 
OF TH IS T H E S I S 0 
THE EDGE CONDITIONS TREATED H E R E I N ARE RESTRICTED 
TO TWOS ALL EDGES SIMPLY SUPPORTED, AND ALL EDGES F I X E D * 
THE F I R S T TYPE OF SUPPORT I S CHOSEN SINCE I T I S A BASIC 
PRACTICAL C O N D I T I O N AND ALSO BECAUSE I T I S A LOWER BOUND FOR 
ALL CASES, EXCEPT THOSE W I T H FREE EDGES 0 THE SECOND CON-
D I T I O N , COMPLETELY F I X E D , WAS CHOSEN AS AN UPPER BOUND FOR 
ALL POSSIBLE CASES „ I T I S FELT THESE TWO CASES ARE OF MOST 
GENERAL INTEREST, AND ANY CASES WITH COMBINATIONS OF EDGE 
CONDITIONS OR W I T H P A R T I A L L Y RESTRAINED EDGES CAN BE APPROX­
IMATELY DETERMINED BY I N T E R P O L A T I O N 0 
BUCKLING EQUATION 
FOR FLAT PLATES SUBJECTED TO I N - P L A N E EDGE LOADINGS 
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and no l a t e r a l o r body f o r c e s , the e q u a t i o n o f the buck l ed 
p l a t e i s s 
D 5 ^ (11) 
I f the s t r e s s d i s t r i b u t i o n i s c o n s t a n t throughout the p l a t e , 
the r i g h t s i de can be s i m p l i f i e d and the e q u a t i o n i s much 
e a s i e r t o a p p l y . However, i n t h i s i n v e s t i g a t i o n the s t r e s s 
d i s t r i b u t i o n s are v a r i a b l e and e q u a t i o n 1 1 must be l e f t i n 
the form shown, w i th the s t r e s s e s a t each o f the nodal points 
be ing an important f a c t o r i n s e t t i n g up the system o f f i n i t e 
d i f f e r e n c e approximat ions to e q u a t i o n 1 1 „ 
Using the r e s u l t s o f the Appendix , the second d e r i v a ­
t i v e s o f w, exp res sed In f i n i t e - d i f f e r e n c e form, are? 
CV 
3 y * h\ I 
1 2 ) 
L e t t i n g h x = hy = h , e q u a t i o n s 1 2 become 
_ L 
a x 2 ~ tf-
3XC>LJ ~ 4 h z 
-2 
Using e q u a t i o n 13, , the r e l a t i o n s h i p s g i v e n i n the 
Appendix and i n the s e c t i o n on s t r e s s f u n c t i o n equat ions , , 
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D h 2 -2 
1 -1 
1 1 
-1 1 J 
= 0 
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where the s t r e s s e s are the a c t u a l s t r e s s e s due to a g i v e n 
l o a d i n g . S ince each o f the s t r e s s va lues I s m u l t i p l i e d by 
p ( the l o a d i n t e n s i t y p e r un i t a rea ) t h i s f a c t o r p may be 
d i v i d e d o u t , l e a v i n g the s t r e s s e s as non-d imens iona l numbers. 
A l s o , s i n c e p = N / t , where N I s the l o a d p e r un i t l e n g t h 
a long the p l a t e e d g e , t h i s s u b s t i t u t i o n can be made. Then 
combining the c o n s t a n t f a c t o r s , equa t ion I I4 becomess 
1 
2 - 5 Z 
1 -6 70 - 8 1 | 
2 - 6 Z 
1 
(VSL^ - |^ X SBFC E Q U V T I O N J 1 4 J R 0 (15) 
where the c o n s t a n t k i s de f ined as (N/D)' " . , O 0 The buck-
( b / h ) ^ 
l i n g l o a d , , i s thus g i v e n by 
(16) 
For any g i v e n p l a t e shape and l o a d i n g c a s e , the o n l y 
unknown in equa t ion 16 i s the quan t i ty k . Thus the d e t e r ­
minat ion o f k enab l e s the c a l c u l a t i o n o f the b u c k l i n g l o a d 
from e q u a t i o n 1 6 . I t I s a l s o noted tha t e q u a t i o n 16 g i v e s 
2 6 
the b u c k l i n g l o a d i n terms o f a c o n s t a n t t imes the r a t i o 
D/b^j, which i s the usual form f o r s p e c i f y i n g c r i t i c a l l o a d ­
ings on f l a t p l a t e s . 
The e lements o f the f o u r f i n i t e - d i f f e r e n c e o p e r a t o r s 
i n e q u a t i o n l £ can be combined t o g i v e a s i n g l e o p e r a t o r 
which w i l l i n v o l v e the d e f l e c t i o n o f the p l a t e a t p o i n t 
I , j , and a t 12 ad j acen t p o i n t s . The e q u a t i o n i s? 
2 + - 8 -
1 
- 8 - ' 20+2 K 
{(fx 
- 8 " 
K ( A I ) 
2 - - 8 - 2 + -
0 1 7 ) 
Equat ion 17 a p p l i e d t o each noda l p o i n t I n s i d e the p l a t e 
thus r e s u l t s In a s e t o f s imul taneous l i n e a r equa t ions In 
terms o f the d e f l e c t i o n wQ I f w = 0 , the equa t ions are s a t ­
i s f i e d , but no b u c k l i n g can e x i s t w i th z e r o d e f l e c t i o n , , 
The on ly o t h e r p o s s i b l e manner In which the equa t ions w i l l 
be s a t i s f i e d i s i f the determinant o f the system i s z e r o . 
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T h e r e f o r e , t o determine the b u c k l i n g l o a d , i t i s n e c e s s a r y 
to assume va lues o f k, genera te the b u c k l i n g matr ix by the 
use o f equa t ion 17, and eva lua t e the de te rminant . By c h o o s ­
ing d i f f e r e n t va lue s o f k , the va lue s o f the r e s u l t i n g d e ­
terminants w i l l be c l o s e t o ze ro ( p o s i t i v e and nega t i ve 
va lues must be o b t a i n e d ) and the t rue value o f k can be 
determined by i n t e r p o l a t i o n . 
Genera t ion o f Buckl ing Determinants 
The b u c k l i n g equa t ions are i n terms o f c o n s t a n t s 
which are the c o e f f i c i e n t s o f e q u a t i o n 16• As mentioned 
p r e v i o u s l y , the system o f equa t ions genera ted must c o v e r 
the e n t i r e p l a t e . A 20 x 20 mesh would r e s u l t In a 361 x 
361 de te rminant . The e v a l u a t i o n o f such a determinant would 
r e q u i r e a p r o h i b i t i v e amount o f time on the Burroughs 220, 
and thus a c o a r s e r mesh i s used t o reduce the computing 
t i m e . A l s o , as no ted i n Table 1 , us ing n ~ 20 would improve 
the accu racy o f the s o l u t i o n a t most two p e r c e n t 0 I t i s 
f e l t tha t the e x t r a computa t ions n e c e s s a r y f o r t h i s l a r g e r 
determinant would i n t r o d u c e a g r e a t e r r o u n d - o f f e r r o r in 
computer c a l c u l a t i o n s , tfrus g a i n i n g approx imate ly one p e r ­
c e n t more a c c u r a c y wi th 16 t imes the c a l c u l a t i o n s . 
The new mesh t o be used i s h a l f as f i n e as the o r i g ­
i n a l mesh, o r 10 x 10o A p l a t e w i th t h i s mesh Is shown in 
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Figure I 4 . Since the d e f l e c t i o n s are a l l ze ro a t the bound­
a r i e s , i t i s n e c e s s a r y to c o n s i d e r o n l y the 81 i n t e r i o r 
p o i n t s 0 This r e s u l t s in an 8 l x 8 l determinant f o r each 
case cons ide red , , 
I t i s now neces sa ry to genera te a 10 x 10 system o f 
nodal p o i n t s t r e s s e s from the p r e v i o u s l y o b t a i n e d 20 x 20 
sys tem. A two d imens iona l i n t e r p o l a t i o n scheme i s used f o r 
t h i s p u r p o s e e The new system i s determined by c o n s i d e r i n g 
the p o i n t i , J i n FIGURE 5>» T H I S P O I N T I S CHOSEN TO r e p r e ­
sent the area shown by the d o t t e d l i n e s around i t e I t was 
f e l t tha t t h i s average va lue would be a more accura te a p p r o x i ­
mation s i n c e i t would tend to compensate f o r any l a r g e s t r e s s 
g r a d i e n t s which might o c c u r near a nodal p o i n t 0 




1 2 3 k 5 6 7 8 9 10 11 12 13 
Figure i|o P la t e Mesh f o r Buckl ing C a l c u l a t i o n s 
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L o g i c a l l y i t f o l l o w s tha t the va lue o f the s t r e s s e s 
a t ip j I s a f u n c t i o n o f the n ine ad jacen t p o i n t s . 
The above c o n v e r s i o n i s done by the coraputer 0 The program 
Is s h o r t and can be found i n the Appendix 0 The s t r e s s e s 
i n a l l f o u r quadrants are o b t a i n e d from symmetry c o n s i d e r a ­
t i o n s , keep ing In mind tha t the shear ing s t r e s s e s are a n t i ­
symmetric wi th r e s p e c t to the x and y a x i s , 
A g r e a t deal o f programming was n e c e s s a r y i n o r d e r 
to eva lua t e an 81 x 81 determinant us ing a computer w i t h 
o n l y a 5000 c o r e memory. The program used can be found In 
the Appendix . The determinant i s reduced t o an upper t r i ­
angular form w i t h the c o e f f i c i e n t s equal t o one a long the 
d i agona l and z e r o below the main d i a g o n a l . The biharmonlc 
o p e r a t o r when genera ted i n matr ix form w i l l appear as in 
F igure 6 (a sparse m a t r i x ) . Equa t ion 1? i s w r i t t e n f i r s t 
f o r the p o i n t i = 3, j ~ 3 and w i l l appear In the f i r s t 
l i n e o f the de terminant . The second l i n e o f the determinant 
(18) 
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Is equa t ion 1? w r i t t e n f o r the p o i n t I = 3, 5 = kp e t c . 
In o r d e r to accommodate the small s t o r age space on ly the 
f i r s t 19 equa t ions are s t o r e d In c o r e memory. Then the 
c o e f f i c i e n t s i n column 1 be low the f i r s t number are reduced 
to z e r o w i th the f i r s t c o e f f i c i e n t ^ = 1 . 0 . Since the 
c o e f f i c i e n t s i n row 1 do n o t I n f l u e n c e the va lue o f the 
determinant , they are now removed from memory and then the 
20th e q u a t i o n i s w r i t t e n i n memory. This p r o c e s s i s r epea ted 
u n t i l a l l e lements are equa l t o one on the d i agona l and ze ro 
be low the main d i a g o n a l . Thus the value o f the determinant 
w i l l be equal t o o n e . The f a c t o r s r e q u i r e d t o o b t a i n c o ­
e f f i c i e n t s equal to one are s t o r e d i n the computer and when 
they are m u l t i p l i e d t o g e t h e r the va lue o f the determinant 
i s o b t a i n e d . 
F igure 6. C o e f f i c i e n t s In Buck l ing Determinant 
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Boundary C o n d i t i o n s 
For s imply suppor ted p l a t e s , the moment a t the edge 
i s z e r o , i . e . . 
0 
Since the d e f l e c t i o n a t the boundary i s ze ro 
• 
• • v4 L + 1 = — UL L - i J J 
A l s o , My y i e l d s the boundary c o n d i t i o n 
F ixed edge p l a t e s have ze ro s l o p e a t t h e i r bounda­
r i e s . We see a t an x boundary 
S i m i l a r l y a t a y boundary 
* ^ b . j + i ~ ^ / L . j - I 
These c o n d i t i o n s are I n c o r p o r a t e d i n Table 
3k 
CHAPTER IV 
RESULTS AND DISCUSSION OP RESULTS 
The e l a s t i c b u c k l i n g l o a d s f o r the two c a s e s c o n s i 
dered are g i v e n i n Table 2 . 
Table 2 . Buck l ing C o e f f i c i e n t s 
PLATE SUPPORTS k N x x c r ^ c r x c r 
Square Hinged o.kk v D ( b / h )
2 
( b } 2 
Xr T ^ 2 D 
Square F ixed l o 0 2 v D ( b / h ) 2 
( b ) 2 
1 0 4 T_ ? T 2 D K c r o 
(L) 
As seen i n Table 2 the b u c k l i n g l o a d found In t h i s p resen ta ­
t i o n I s a f u n c t i o n such thats 
N 
•cr 
k D ( b / h ) 2 
where N x i s equa l t o the maximum a p p l i e d l o a d . A more 
' c r 
f a m i l i a r form f o r t h i s quan t i t y I s 
Since L = 2b we may c o n v e r t k t o k c r 1 0 e „ s 
k c r 
k ( 2 b ) 2 
T T 2 h 2 
For the ca se c o n s i d e r e d h ~ 0.2b£ t h e r e f o r e . 
Since t h i s i n v e s t i g a t i o n r e p r e s e n t s the f i r s t a t tempt 
to determine b u c k l i n g l o a d s f o r the l o a d i n g c o n s i d e r e d , 
there are no a v a i l a b l e r e s u l t s t o use f o r compar i son and 
check ing p u r p o s e s . However, there are s e v e r a l f a c t o r s which 
make the r e s u l t s seem r e a s o n a b l e and c o r r e c t s They a re : 
a 0 A check c a s e o f uni form edge compres s ion 
us ing the same p r o c e d u r e p r e s e n t e d in 
t h i s t h e s i s g i v e s answers qu i t e c l o s e 
to the c o r r e c t v a l u e s . 
b o The c r i t i c a l l o a d s e x h i b i t a r easonab le 
r a t i o between the f i x e d and s imply sup­
p o r t e d edge c o n d i t i o n s . 
e . The p l a t e s t r e s s d i s t r i b u t i o n as s o l v e d 
k = k 100 c r 1*2 
i n Chapter 2 compares f a v o r a b l y wi th 
tha t g i v e n by Timoshenko (Refe rence 10, 
p . l 6 7 ) o The determinant i s eva lua t ed 
by simple e l i m i n a t i o n which i s an e x a c t 
p r o c e s s5 however , the answer i s s u b j e c t 
t o r o u n d - o f f e r r o r . I t i s f e l t the f i n a l 
answers are c o r r e c t , because bo th p r o ­
c e s s e s are a c c u r a t e . 
The b u c k l i n g c o e f f i c i e n t s f o r square 
p l a t e s under uniform edge compres s ion 
are k o r = 1|.00 and k c r = 8.33 f o r s im­
p l y suppor ted and f i x e d edge c o n d i t i o n s 
r e s p e c t i v e l y . Suppose the v a l u e s o f 
k C 3 ? are equa l f o r uniform and p a r a b o l i c 
l o a d s , then we would s u s p e c t tha t k c r 
Is a f u n c t i o n o n l y o f the maximum a p p l i e d 
l o a d ( s e e Gas© 1 , p , 3 7 ) . I f k c r f o r the 
p a r a b o l i c a l l y l o a d e d p l a t e i s 1 - J t imes 
tha t o f the un i fo rmly l o a d e d c a s e , then 
t h i s would i n d i c a t e tha t k i s o n l y a 
c r " 
f u n c t i o n o f the t o t a l l o a d ( s e e Case 2 , 
p . 37 )o Ne i the r o f these two s u p p o s i ­
t i o n s i s t rue because each i s an 
o v e r s i m p l i f i c a t i o n o f the p r o b l e m . 
Y e t , we would e x p e c t , f o r the c a s e o f 
p a r a b o l i c l o a d i n g , t o have k c p - ^ 6 
f o r the s imply suppor ted p l a t e and 
8 * 3 3 s r k c p s - 1 2 0 5 f o r the f i x e d edge 
p l a t e o Both va lues determined here 
f a l l w i t h i n these bounds« 
C A S E - 2 
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APPENDIX 
DERIVATION OP FINITE-DIFFERENCE EQUATIONS 
For any con t inuous curve y = f ( x ) o r any c o n t i n u ­
ous su r f ace w = f ( x , y ) i t i s p o s s i b l e t o r e p r e s e n t f i r s t 
and h i g h e r o rde r d e r i v a t i v e s by the method o f f i n i t e d i f ­
f e r e n c e s . The b a s i c p r i n c i p l e s o f f i n i t e d i f f e r e n c e s can 
be found i n most books on numer ica l a n a l y s i s ! a p a r t i c u l a r l y 
good t reatment of the s u b j e c t i s found i n Refe rence 7• 
The p l a t e problem reduces t o a study o f f o u r t h - o r d e r 
p a r t i a l d i f f e r e n t i a l e q u a t i o n s . The r e p r e s e n t a t i o n o f such 
equa t ions in f i n i t e d i f f e r e n c e form w i l l be d e r i v e d h e r e . 
The r e f e r e n c e above should be c o n s u l t e d I f a more e x t e n s i v e 
t reatment o f the s u b j e c t i s d e s i r e d . 
Cons ider the p l a t e to be d i v i d e d i n t o a r e c t a n g u l a r 
mesh o f e q u a l - s i z e d r e c t a n g l e s , w i t h the f i n e n e s s o f the 
mesh dependent upon the spac ings h x and hy as shown i n 
Figure A l . The I n t e r s e c t i o n s o f the mesh l i n e s s h a l l be 
c a l l e d noda l p o i n t s and w i l l be des igna t ed as shown in 
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Figure Al 0 Grid O r i e n t a t i o n 
The d e r i v a t i v e s a t ( i , j ) can be expres sed in terras o f 
the va lues o f the f u n c t i o n a t ( I , j ) , a t the a d j a c e n t p o i n t s , 
and in terms o f the mesh d i m e n s i o n s 0 The x = d e r i v a t i v e s can 
be r e p r e s e n t e d as f o l l o w s „ 
aw 
To avo id working wi th h a l f mesh u n i t s , i t i s c o n v e n i e n t t o 
express t h i s s l o p e bys 
ho 
5 x Zhrt ( A - l ) 
The ra te o f change o f s l o p e , o r , can be w r i t t e n as s 
W i + i - 2V^i 4- l / s / i - i 
h (A-2) 
S i m i l a r l y ^ x * ^ I s g i v e n as 
a x 2 h \ (A -3) 
F i n a l l y the f o u r t h d e r i v a t i v e becomes 
a v / 
a x 
By analogy the y - d e r i v a t i v e s may be w r i t t e n 
1 R S ( A - 5 ) 
and 
ILL 
^ - L (W J . 2 - 4 J 11 + <B ^ J - -T 4 KSI J-, +• *SJ J - Z ) ( A _ 6 , 
The mixed d e r i v a t i v e s ares 
and s i m i l a r l y 
" I V S L U I . J - 2 ^ I , J + - I -2\r4i,j-\ + ^ ^ I J ) _ ( A o 8 ) 
The b a s i c p l a t e equa t i on i s the c o m p a t a b i l i t y equa t i on 
^ " a > f S y D C F (A-9 ) 
Represen t ing e q u a t i o n A-9 i n f i n i t e - d i f f e r e n c e form by use 




In o r d e r to redode e q u a t i o n A-10 a square g r i d may be 
used so tha t h x = hy = h9 and a f t e r s i m p l i f i c a t i o n s 
h 4 
k„H) 
The equa t ions f o r computing s t r e s s e s are 
a y " 
T • 
" W ^ K * t i . j + ^ j - ) 
1 + 1 
- h c b + - 4 ) - < b . ) , j - H i t l . j - l 
U - i D 
^ ( A - 1 2 ) 
1+3 
with a square g r l d 0 
I t should be p o i n t e d ou t tha t a l l f i n i t e - d i f f e r e n c e 
equa t ions are approximat ions TO the equa t ions which they 
r e p l a c e , and tha t h ighe r o r d e r e r r o r terms must be Inc luded 
to be EXACTE Baron and S a l v a d o r ! (Refe rence 6 , pp» 168=172) 
show tha t t h i s e r r o r i s p r o p o r t i o n a l t o the square o f the 
mesh d imens ions , and thus can be n e a r l y e l i m i n a t e d by us ing 
a s u f f i c i e n t l y f i n e mesho 
T A B L E A l . S T R E S S D I S T R I B U T I O N 
I 
2 C Q M M E N T 2 E L A S T I C S T R E S S E S I N A F L A T P L A T E S U B J E C T E D T O A P A R A B O L I C 2 C O M P R E S S I V E L O A D 2 A S P E C T R A T I O O N E T O O N E 
2 P L A T E S I Z E 2 0 B Y 2 0 ( I N C H E S ) 2 a G R I D S I Z E 1 B Y 1 ( I N C H E S ) 1 
2 I N T E G E R I » J » N $ 2 
2 R E A L O T H E R W I S E $ 3 2 A R R A Y P H I ( 1 4 , 1 4 ) , R E S ( 1 4 , 1 4 ) , S I G X ( 1 4 , 1 4 ) , S i G Y ( 1 4 , 1 4 ) * T A U X Y ( 1 4 * 1 4 ) $ k 
2 C O M M E N T 
2 C O N S I D E R I N G O N E F O U R T H O F T H E P L A T E W I T H I A N D J A S 
2 L O C A T E D I N F I G U R E 2 
2 
2 
B E G I N I T E R A T I O N S $ 
2 F O R N = ( 1 , 1 , 1 0 0 0 ) $ 6 
2 B E G I N $ 7 
2 C O M M E N T l 2 A S S I G N M E N T O F B O U N D A R Y V A L U E S A N D C O N D I T I O N S S 8 
2 F O R 1 = ( 2 . 1 * 1 3 J $ 9 
2 B E G I N P H I ( 1 * 2 ) = - 4 1 * 6 6 6 6 6 7 E N D $ 10 2 F O R J = ( 2 , l , 1 4 ) $ 1 1 
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2 B E G I N P H I ( I * 1 4 ) = P H I ( 1 , 1 0 ) $ l b 
2 P H I ( I , 1 3 ) = P H I ( 1 , 1 1 ) $ 17 
2 P H I ( I , 1 ) = P H I ( I * 3 ) - 1 3 . 3 3 3 3 3 3 3 3 E N D $ 18 
2 B E G I N P H I ( 2 * 2 ) = - 4 1 . 6 6 6 6 6 7 $ 19 
2 P H I ( 2 * 3 ) = - 3 5 . 0 3 2 5 0 0 $ 2 0 
2 P H I ( 2 * 4 ) = - 2 8 . 5 8 6 6 6 8 $ 21 2 P H I ( 2 * 5 ) » - 2 2 . 4 9 9 1 6 8 $ 22 2 P H I ( 2 * 6 ) = - 1 6 * 9 2 0 0 0 0 $ 23 
2 P H I ( 2 * 7 ) = - 1 1 * 9 7 9 1 6 7 
2 P H I ( 2 * 8 ) * - 7 . 7 8 6 6 6 6 7 
2 P H I C 2 # 9 ) * - 4 . 4 3 2 S 0 0 0 
2 P H I ( 2 * 1 0 ) = - l . 9 8 6 6 6 6 7 
2 P H I ( 2 * 1 1 ) = - 0 . 4 9 9 1 6 6 6 7 
2 P H I ( 2 » 1 2 ) = 0 . 0 0 0 0 0 0 0 0 
2 P H I ( 2 » 1 3 ) = - 0 . 4 9 9 1 6 6 6 7 
2 P H I ( 2 * 1 4 ) = - 1 • 9 8 6 6 6 6 7 END 
2 C O M M E N T 
2 C A L C U L A T I N G A NEW V A L U E OF P H I AT E A C H OF T H E 1 0 0 N O D A L 
2 P O I N T S FOR 1 0 0 0 S W E E P S O V E R T H E G R I D 
2 FOR t = ( 3 , l * 1 2 > 
2 FOR J * ( 3 t U 1 2 ) 
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2 C O M M E N T 
2 C A L C U L A T E T H E S T R E S S E S A F T E R 1 0 0 0 S W E E P S • N O T E T H A T P / ( H ) ( H ) 
2 H A S B E E N F A C T O R E D OUT OF E A C H S T R E S S C A L C U L A T I O N . 
2 FOR I = ( 2 » l » 1 2 ) 
2 FOR J = ( 2 » l # 1 2 ) 
2 BEG I N S I G X ( I > J ) = ( ( PH 1 1 1 , J + 1 ) - 2 . 0 ( PH I ( I , J ) ) + ( PH I ( I • J - l ) • ) ) ) 
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5 4 - 2 8 * 5 7 5 0 7 4 . 0 0 2 3 0 0 0 0 _ 
5 5 - 2 2 * 4 6 7 7 2 6 . 0 0 4 2 2 1 0 0 _ 
5 6 - 1 6 * 8 4 9 1 3 0 . 0 0 6 2 4 8 0 0 -5 7 - 1 1 . 8 5 4 3 2 1 . 0 0 8 1 9 5 0 0 -5 8 - 7 * 6 0 1 8 0 8 7 . 0 0 9 9 0 5 0 0 
5 9 - 4 . 1 9 0 6 1 0 8 . 0 1 1 2 8 0 0 0 -5 1 0 - 1 * 6 9 8 5 5 1 0 . 0 1 2 2 2 8 0 0 -
5 1 1 - . 1 8 1 3 2 3 1 0 . 0 1 3 8 1 6 1 0 -5 1 2 . 3 2 7 9 3 5 4 0 . 0 0 8 2 6 7 9 0 -6 2 - 4 1 « 6 6 6 6 6 7 . 0 0 0 0 0 0 0 0 -6 3 - 3 5 * 0 1 6 5 7 2 • 0 0 1 4 2 0 0 0 -6 4 - 2 8 . 5 4 8 4 2 2 • 0 0 3 7 4 0 0 0 
6 5 - 2 2 . 4 1 4 7 3 9 • 0 0 6 5 6 5 0 0 -
6 6 - 1 6 . 7 6 3 9 3 4 • 0 0 9 5 5 5 0 0 
6 7 - 1 1 * 7 3 3 6 2 6 • 0 1 2 4 3 1 0 0 
6 8 - 7 . 4 4 5 6 3 5 5 • 0 1 4 9 6 4 0 0 
6 9 - 4 * 0 0 2 5 3 0 6 • 0 1 7 0 0 5 0 0 -
6 1 0 - 1 . 4 8 5 3 5 6 2 • 0 1 8 3 9 8 5 0 -6 1 1 . 0 4 7 7 6 2 8 2 • 0 2 0 8 2 1 8 0 -6 1 2 * 5 6 2 3 5 0 1 4 » 0 1 1 5 2 8 2 0 
7 2 - 4 1 * 6 6 6 6 6 7 • 0 0 0 0 0 0 0 0 
7 3 " 3 5 . 0 0 5 5 7 5 • 0 0 1 9 1 0 0 0 -7 4 - 2 8 * 5 1 3 0 6 8 • 0 0 5 1 7 0 0 0 -
7 5 ^ 2 2 . 3 4 6 6 2 1 • 0 0 8 9 0 6 0 0 -
. 1 9 7 9 7 6 0 0 
• 3 4 8 8 8 1 0 0 
. 4 9 5 4 8 6 0 0 
• 6 2 8 6 1 0 0 0 
. 1 4 3 8 4 7 0 0 
• 8 3 9 1 8 6 0 0 
• 9 1 3 6 7 2 7 0 
• 9 6 6 8 6 6 4 0 
• 9 9 8 6 0 5 5 0 
1 . 0 0 8 3 8 3 2 
. 0 4 9 3 4 3 0 0 
. 1 9 2 3 6 1 0 0 
. 3 4 2 2 6 8 0 0 
. 4 8 8 7 5 2 0 0 
• 6 2 3 7 8 7 0 0 
. 7 4 2 2 9 6 0 0 
. 8 4 1 3 1 4 0 0 
. 9 1 9 1 3 8 1 0 
. 9 7 4 8 3 1 9 0 
1 . 0 0 7 9 6 9 4 
1 . 0 1 7 4 0 0 3 
• 0 3 3 0 7 9 0 0 
. 1 8 1 9 4 5 0 0 
. 3 3 4 4 6 7 0 0 
. 4 8 2 8 7 8 0 0 
. 6 2 0 4 9 7 0 0 
• 7 4 2 3 1 7 0 0 
• 8 4 4 8 8 5 0 0 
. 9 2 5 9 3 0 5 0 
. 9 8 4 0 5 5 4 0 
1 . 0 1 8 5 3 1 7 
1 * 0 2 7 4 4 0 3 
• 0 1 1 0 5 1 0 0 
• 1 6 8 5 8 5 0 0 
• 3 2 6 0 6 0 0 0 
• 4 7 7 8 7 1 0 0 
. 0 0 2 8 1 2 0 0 
• 0 1 2 4 1 6 0 0 
. 0 2 3 4 2 9 0 0 
• 0 3 3 9 2 7 0 0 
. 0 4 3 5 3 8 0 0 
• 0 5 2 1 0 6 3 0 
. 0 5 9 3 3 9 4 0 
. 0 6 4 8 4 7 0 0 
• 0 6 8 2 7 1 4 3 
. 0 6 9 4 0 0 9 3 
. 0 0 0 0 0 0 0 0 
. 0 0 3 7 4 9 0 0 
. 0 1 2 2 9 9 0 0 
. 0 2 2 0 3 7 0 0 
. 0 3 0 9 1 5 0 0 
. 0 3 8 2 6 0 0 0 
. 0 4 4 0 3 3 6 0 
. 0 4 8 3 6 4 1 0 
• 0 5 1 3 6 7 7 0 
. 0 5 3 1 1 3 2 5 
• 0 5 3 6 6 0 4 5 
. 0 0 0 0 0 0 0 0 
• 0 0 2 8 7 9 0 0 
. 0 0 8 7 0 2 0 0 
. 0 1 5 1 3 1 0 0 
• 0 2 0 6 9 3 0 0 
. 0 2 4 8 2 5 0 0 
. 0 2 7 5 6 5 3 0 
. 0 2 9 2 0 2 5 0 
. 0 3 0 0 7 5 7 0 
. 0 3 0 4 6 1 8 1 
. 0 3 0 5 5 3 4 0 
. 0 0 0 0 0 0 0 0 
. 0 0 1 2 4 1 0 0 
. 0 0 3 5 3 6 0 0 
. 0 0 5 7 3 2 0 0 
. 0 0 4 0 7 2 5 0 
. 0 0 8 1 3 6 2 5 
. 0 1 4 5 8 6 2 5 
. 0 2 0 7 1 5 2 5 
. 0 2 4 3 8 4 3 2 
. 0 2 4 6 9 0 0 5 
. 0 2 1 6 5 8 5 5 
. 0 1 5 8 9 5 2 7 
. 0 0 8 3 2 5 1 2 
• 0 0 0 2 3 6 9 0 
- . 0 0 0 0 1 1 7 5 
. 0 1 0 2 5 1 2 5 
. 0 1 7 8 6 2 5 0 
. 0 2 4 6 1 8 0 0 
. 0 2 9 7 9 8 2 5 
• 0 3 2 2 0 8 8 7 
. 0 3 1 1 6 6 3 5 
• 0 2 6 6 7 7 2 5 
. 0 1 9 3 1 5 5 5 
• 0 1 0 0 3 6 7 8 
. 0 0 0 2 9 0 9 6 
- . 0 0 0 0 1 5 5 0 
. 0 1 5 5 0 1 5 0 
. 0 2 5 4 9 7 5 0 
. 0 3 2 2 6 9 7 5 
. 0 3 6 2 7 7 5 0 
. 0 3 7 2 0 6 3 7 
. 0 3 4 7 8 6 7 7 
. 0 2 9 1 3 8 5 2 
. 0 2 0 8 1 7 6 8 
. 0 1 0 7 2 9 3 8 
. 0 0 0 3 1 1 1 7 
. 0 0 0 0 1 4 7 5 
. 0 1 8 5 6 1 0 0 
. 0 2 9 6 8 3 2 5 
. 0 3 6 1 5 3 2 5 
7 6 - 1 6 • 6 5 8 0 4 5 . 0 1 2 9 1 7 0 0 
7 7 - 1 1 # 5 8 8 1 0 6 . 0 1 6 7 1 1 0 0 
7 8 - 7 • 2 6 1 8 9 7 5 . 0 2 0 0 6 9 0 0 
7 9 - 3 • 7 8 5 2 4 7 9 . 0 2 2 7 3 0 0 0 
7 1 0 - 1 • 2 4 2 0 8 5 7 . 0 2 4 5 5 3 5 0 
7 1 1 • 3 0 7 3 1 0 5 5 . 0 2 7 8 1 3 4 0 
7 1 2 . 8 2 7 3 1 8 2 2 . 0 1 4 6 1 3 5 0 
8 2 - 4 1 • 6 6 6 6 6 7 . 0 0 0 0 0 0 0 0 
8 3 - 3 4 . 9 9 3 3 3 7 . 0 0 2 6 0 0 0 0 
8 4 - 2 8 . 4 7 4 1 7 8 . 0 0 6 5 1 0 0 0 
8 5 - 2 2 • 2 7 2 7 7 1 . 0 1 1 1 3 9 0 0 
8 6 - 1 6 • 5 4 5 0 7 7 . 0 1 5 9 8 4 0 0 
8 7 - 1 1 . 4 3 5 2 2 4 . 0 2 0 6 4 2 0 0 
8 8 - 7 . 0 7 1 4 0 0 9 . 0 2 4 7 3 1 0 0 
CO
 9 - 3 . 5 6 2 3 0 1 0 . 0 2 7 9 7 3 0 0 
8 1 0 . 9 9 4 3 0 8 0 0 . 0 3 0 1 9 7 5 0 
8 1 1 . 5 7 0 5 1 1 2 6 . 0 3 4 2 2 8 2 0 
CO
 1 2 1 . 0 9 5 6 2 5 2 . 0 1 7 2 9 4 9 0 
9 2 = 4 1 . 6 6 6 6 6 7 . 0 0 0 0 0 0 0 0 
9 3 - 3 4 . 9 8 1 6 3 5 . 0 0 3 0 6 0 0 0 
9 4 - 2 8 • 4 3 7 1 8 6 . 0 0 7 5 8 0 0 0 
9 5 - 2 2 . 2 0 3 0 2 7 . 0 1 2 9 7 2 0 0 
9 6 - 1 6 . 4 3 9 2 6 8 . 0 1 8 6 1 0 0 0 
9 7 - 1 1 . 2 9 3 2 2 0 . 0 2 3 9 3 4 0 0 
9 8 - 6 . 8 9 5 7 8 1 0 • 0 2 8 6 5 3 0 0 
9 9 - 3 . 3 5 8 0 2 4 9 • 0 3 2 3 7 8 0 0 
9 1 0 = * . 7 6 8 2 9 9 2 0 . 0 3 4 9 1 9 1 0 
9 1 1 . 8 0 9 9 3 1 9 2 • 0 3 9 6 0 4 4 0 
9 1 2 1 • 3 3 9 4 6 4 3 • 0 1 9 3 8 9 1 0 
1 0 2 - 4 1 . 6 6 6 6 6 7 . 0 0 0 0 0 0 0 0 
1 0 3 - 3 4 . 9 7 2 0 5 3 • 0 0 3 4 7 0 0 0 
1 0 4 - 2 8 . 4 0 6 9 5 2 • 0 0 8 4 4 4 4 4 
1 0 5 - 2 2 . 1 4 6 2 3 1 • 0 1 4 3 7 6 0 0 
1 0 6 - 1 6 . 3 5 3 4 8 4 • 0 2 0 5 3 4 0 0 
1 0 7 - 1 1 4 1 7 8 6 2 0 • 0 2 6 4 2 5 0 0 
1 0 8 ^ 5 . 7 5 4 6 6 5 9 • 0 3 1 5 4 4 0 0 
. 6 1 8 6 3 7 0 0 
. 7 4 3 7 3 0 0 0 
• 8 4 9 5 5 8 0 0 
• 9 3 3 4 8 7 4 0 
• 9 9 3 7 6 6 0 0 
1 . 0 2 9 3 8 8 6 
1 . 0 3 7 6 5 4 0 
• 0 1 3 4 5 0 0 0 
. 1 5 4 1 7 1 0 0 
• 3 1 7 7 5 2 0 0 
• 4 7 3 7 1 3 0 0 
• 6 1 7 8 4 1 0 0 
. 7 4 6 0 2 9 0 0 
E 8 5 4 7 2 4 0 0 
. 9 4 1 1 0 6 9 0 
1 . 0 0 3 1 7 3 8 
1 . 0 3 9 7 0 5 3 
1 . 0 4 7 2 8 2 1 
• 0 3 6 8 7 7 0 0 
• 1 4 0 5 8 3 0 0 
. 3 1 0 2 9 0 0 0 
. 4 7 0 4 0 0 0 0 
. 6 1 7 7 1 1 0 0 
. 7 4 8 6 0 9 0 0 
. 8 5 9 6 8 2 0 0 
. 9 4 8 0 3 0 4 0 
1 . 0 1 1 4 9 4 6 
1 . 0 4 8 6 9 8 7 
1 . 0 5 5 6 1 9 8 
. 0 5 6 0 6 0 0 0 
. 1 2 9 5 1 3 0 0 
• 3 0 4 3 8 0 0 0 
, 4 6 7 9 7 4 0 0 
• 6 1 7 8 8 3 0 0 
• 7 5 0 9 0 9 0 0 
. 8 6 3 7 6 7 0 0 
• 0 0 7 0 7 9 0 0 
• 0 0 7 3 6 2 0 0 
• 0 0 6 7 5 9 5 0 
• 0 0 5 6 6 4 2 0 
• 0 0 4 5 0 7 2 0 
• 0 0 3 6 5 2 9 8 
• 0 0 3 3 3 8 9 4 
. 0 0 0 0 0 0 0 0 
. 0 0 0 5 3 6 0 0 
• 0 1 8 9 8 0 0 
. 0 0 4 1 0 6 0 0 
. 0 0 7 1 5 9 0 0 
. 0 1 0 8 7 8 0 0 
. 0 1 4 8 7 7 5 0 
. 0 1 8 6 7 0 8 0 
. 0 2 1 7 6 8 9 0 
. 0 2 3 7 8 0 0 5 
. 0 2 4 4 6 7 8 8 
•OOQOGOQ0 
. 0 0 2 1 2 0 0 0 
. 0 0 6 7 5 8 0 0 
. 0 1 2 9 4 8 0 0 
• 0 2 0 0 2 5 0 0 
. 0 2 7 4 0 4 0 0 
. 0 3 4 5 0 3 9 0 
• 0 4 0 7 2 9 8 0 
. 0 4 5 5 5 7 2 0 
• 0 4 8 5 8 7 4 4 
. 0 4 9 6 0 2 1 0 
. 0 0 0 0 0 0 0 0 
. 0 0 3 3 3 2 0 0 
• 0 1 0 5 2 5 0 0 
. 0 1 9 8 3 7 0 
• 0 3 0 0 8 8 0 0 
• 0 4 0 3 7 9 0 0 
. 0 4 9 9 3 7 0 0 
. 0 3 9 1 0 8 5 0 
. 0 3 8 8 4 4 2 7 
. 0 3 5 4 5 6 7 5 
. 0 2 9 2 0 3 4 0 
. 0 2 0 6 2 9 7 1 
. 0 1 0 5 5 6 7 0 
• 0 0 0 3 0 2 8 8 
. 0 0 0 0 1 2 0 0 
• 0 1 8 9 7 0 5 0 
. 0 2 9 9 1 3 5 0 
• 0 3 5 7 2 3 7 5 
. 0 3 7 8 2 3 0 0 
. 0 3 6 8 3 4 7 5 
. 0 3 3 0 8 4 0 2 
. 0 2 6 9 1 7 5 0 
. 0 1 8 8 4 9 6 0 
• 0 0 9 5 8 9 9 0 
. 0 0 0 2 7 0 9 0 
. 0 0 0 0 1 0 5 0 
. 0 1 6 8 0 6 5 0 
• 0 2 6 3 1 4 0 0 
. 0 3 1 0 9 1 7 5 
. 0 3 2 5 1 6 0 0 
. 0 3 1 2 8 5 2 7 
. 0 2 7 8 0 4 6 0 
. 0 2 2 4 3 1 3 4 
• 0 1 5 6 0 7 8 7 
• 0 0 7 9 0 3 9 2 
. 0 0 0 2 1 9 8 5 
• 0 0 0 0 0 8 0 0 
. 0 1 2 4 8 5 7 5 
• 0 1 9 4 8 0 7 5 
. 0 2 2 8 8 4 2 5 
. 0 2 3 7 6 6 5 0 
. 0 2 2 7 0 3 4 7 
. 0 2 0 0 4 4 7 2 
10 9 - 3 • 1944786 . 0 3 5 6 3 7 - • 9 5 3 5 5 6 3 0 . 0 5 8 0 9 1 8 0 • 0 1 6 0 8 2 1 9 
10 10 . 5 8 7 8 4 7 6 3 • 0 3 8 4 1 4 5 0 1 . 0 1 8 0 1 8 3 . 0 6 4 2 8 0 5 0 • 0 1 1 1 4 0 1 0 
10 11 - . 5 8 7 8 4 7 6 3 . 0 3 8 4 1 4 5 0 . 0 1 8 0 1 8 3 • 0 6 4 2 8 0 5 0 • 0 1 1 1 4 0 1 0 
10 12 1 . 5 3 3 7 0 1 3 . 0 2 0 7 6 8 4 0 1 . 0 6 2 0 4 7 1 . 0 6 9 3 7 1 6 0 • 0 0 0 1 5 4 5 0 
11 2 = 41 . 6 6 6 6 6 7 . 0 0 0 0 0 0 0 0 . 0 6 8 5 7 3 0 0 = . 0 0 0 0 0 0 0 0 - • 0 0 0 0 0 4 2 5 
11 3 - 4 3 . 9 6 5 8 0 3 . 0 0 3 8 4 0 0 0 - • 12230400 • 0 0 4 0 8 5 0 0 • 0 0 6 6 3 4 2 5 11 4 - 2 8 • 3 8 7 2 4 3 . 0 0 9 5 9 0 0 0 - . 3 0 0 5 8 9 0 0 . 0 1 2 8 8 1 0 0 • 0 0 1 0 3 3 6 5 11 5 - 2 2 • 109272 . 0 1 6 3 3 8 0 0 - • 4 6 6 4 8 9 0 0 . 0 2 4 1 5 7 7 0 • 0 1 2 1 0 8 7 5 
11 6 - 1 6 • 2 9 7 7 8 8 . 0 2 3 4 3 9 0 0 - 9 6 1 8 0 9 5 0 0 . 0 3 6 4 2 0 0 0 • 0 1 2 5 2 9 2 5 11 7 - 1 1 . 1 0 9 3 9 9 . 0 3 0 2 7 6 0 0 - . 7 5 2 4 7 7 0 0 • 0 4 8 5 6 4 0 0 • 0 1 1 9 2 2 9 0 
11 8 - 6 . 6 6 3 4 8 7 1 . 0 3 6 2 5 5 0 0 - . 8 6 6 4 4 9 0 0 . 0 5 9 6 9 2 9 0 • 0 1 0 4 8 9 6 7 
11 9 - 3 . 0 8 9 0 2 4 1 . 0 4 1 0 1 6 0 0 - . 9 5 7 1 1 5 4 0 . 0 6 9 0 7 1 7 3 • 0 0 8 3 8 9 2 8 11 10 - . 4 7 1 6 7 6 5 3 . 0 4 4 2 9 9 2 0 1 . 0 2 2 1 7 8 0 . 0 7 6 1 2 5 0 4 • 0 0 5 7 9 4 8 0 
11 11 1 . 1 2 3 4 9 3 1 s 0 4 9 9 9 8 2 0 - 1 . 0 6 0 0 9 6 0 . 0 8 0 4 3 9 5 0 • 0 0 2 9 1 3 7 2 
11 12 1 . 6 5 8 5 6 6 7 . 0 2 5 4 8 4 6 0 1 . 0 6 6 0 8 4 2 . 0 8 1 8 5 4 2 0 • 0 0 0 0 7 9 2 0 
12 2 - 4 1 . 6 6 6 6 6 7 . 0 0 0 0 0 0 0 0 . 0 7 2 9 0 7 0 0 • 0000000 • 0 0 0 0 4 4 5 0 
12 3 = 34 . 9 6 3 6 3 8 . 0 0 3 6 3 7 0 0 - . 1 1 9 8 0 6 0 0 . 0 0 4 1 5 2 0 0 • 0 0 0 1 4 7 0 0 
12 4 - 2 8 . 380415 . 0 0 7 5 4 0 0 0 - . 2 9 9 2 7 8 0 0 . 0 1 3 0 6 8 0 0 • 0 0 2 4 2 7 5 0 12 5 - 2 2 . 0 9 6 4 7 0 . 0 1 2 0 0 1 6 0 * 4 6 5 9 8 7 0 0 . 0 2 4 4 5 5 0 0 • 0 0 0 2 9 6 7 5 
12 6 - 1 6 . 2 7 8 5 1 2 . 0 1 6 5 6 3 0 0 - . 6 1 8 1 8 8 0 0 o03277700 • 0 0 0 3 1 3 0 0 
12 7 - 1 1 • 078742 ^02075700 - . 7 5 2 3 0 9 2 0 . 0 4 8 9 1 3 0 0 • 0 0 0 3 0 1 0 0 12 8 - b . 6 3 2 0 0 1 4 . 0 2 4 3 8 2 0 0 . 8 6 7 6 8 1 0 0 . 0 5 9 9 9 3 1 0 • 0 0 0 2 6 6 5 2 
12 9 3 • 0526413 .0271520=* . 9 5 8 3 4 4 7 0 . 6 9 2 9 8 4 0 • 0 0 0 2 1 4 0 3 
12 10 - . 4 3 1 6 2 5 9 7 . 0 2 8 9 2 8 8 0 - 1 . 0 2 3 6 0 7 8 . 0 7 6 2 6 5 8 6 • 00014895 12 11 1 . 1 6 5 7 8 1 6 . 0 3 3 7 7 2 8 0 1 * 0 6 1 6 1 1 2 . 0 8 0 5 1 4 0 0 . 0 0 0 0 7 6 0 2 
12 12 1 . 7 0 1 5 7 7 9 . 0 0 0 0 0 1 9 0 1 . 0 6 7 4 4 8 8 ®08188300 • 0 0 0 0 0 0 1 2 
T A B L E A 2 . A V E R A G E S T R E S S E S 
2 I N T E G E R I * J * A 9 B 2 R E A L O T H E R W I S E 
2 A R R A Y 
2 
2 2 2 2 B E G I N 2 2 2 2 2 2 B E G I N 
2 
2 2 2 2 C 0 M M E N T 2 2 2 2 2 2 
2 B E G I N 
2 2 2 2 B E G I N 2 2 2 2 
S I G X C 1 4 , 1 4 ) » S I G Y C 1 4 * 1 4 ) * T A U X Y C 1 4 * 1 4 ) R E A D ( S S D A T A 1 ) R E A D ( S S D A T A 2 ) R E A D ( $ $ D A T A 3 I F O R I * ( l * l * 1 4 ) 
S I G X C I * 1 3 ) = S I G X « 1 * 1 1 ) S I G Y C I » 1 3 ) = S I G Y ( 1 , 1 1 ) T A U X Y C 1 * 1 3 ) = T A U X Y « 1 * 1 1 ) 
F O R J = U * 1 * 1 4 ) E N D 
S I G X ( 1 3 * J S I G Y ( 1 3 , J T A U X Y C 1 3 * 
= S I G X C 1 1 * J ) = S I G Y ( 1 1 * J ) ! ) = T A U X Y ( 1 1 * J ) 
E N D 
F I N D I N G T H E A V E R A G E S T R E S S E S A N D C H A N G I N G T H E I R S U B S C R I P T S T O R E P R E S E N T T H E E N T I R E P L A T E I N S T E A D O F O N L Y O N E Q U A R T E R O F T H E P L A T E 
A = 0 
F O R 
0 0 0 0 0 0 0 0 
I = C 3 9 1 » 7 
B = 0 . 0 0 0 0 0 0 0 0 A = A + 1 
F O R J = ( 3 * 1 * 7 ) 
B * B + 1 
S I G X C I » J ) = ( 4 . C + S I G X C 1 + A , J + B ) ) 
+ ( 2 ) ( S I G X ( I + A + l * J + B ) + S I G X C I + A - l * J + B ) 
+ S I G X U + A 9 J + B - 1 M + S I G X C I + A + l * J + B + 1 ) 
+ S I G X { I + A » J + B + 1 ) 
+ S I G X C I + A - 1 » J + B - 1 VJl. 
o 
2 + S I G X U + A + 1 • J + B - l ) + SIGX ( I + A - l » J + B + l ) ) / 1 6 
2 5 I G Y U 9d)M4. <+SIGY< I + A . J + B ) ) 
2 + ( 2 ) ( S l G Y f I + A + l » J + B ) + S I G Y U + A - 1 . J + B) + S I G Y ( I + A . J + B + l 1 
2 + SIGYt I + A * J + B - l ) ) + S I G Y ( I + A + l * J + B + l ) + SIGY ( I + A - 1 » J + B -
2 + S I G Y f I + A + l , J + B - l ) + S I G Y ( I + A - l • J + B + l ) 1 / 1 6 
2 T A U X Y ( I » J ) = ( 4 . { T A U X Y ( I + A * J + B ) ) 
2 + ( 2 ) ( T A U X Y ( I + A + l » J + B ) + T A U X Y ( I + A - 1 » J + B ) + T A U X Y ( I + A . J + B + 1 ) 
2 +TAUXY( I+A> J + B - l ) ) + T A U X Y ( I + A + l • J + B + l ) + T A U X Y < I + A - 1 • J + B -
2 + T A U X Y ( I + A + l , J + B - l ) + T A U X Y ( I + A - l . J + B + l ) ) / 1 6 
2 END 
2 END 
2 FOR I » ( 3 * 1 * 7 ) 
2 FOR J = « 3 * 1 * 7 ) 
2BEGIN 
2 S I G X C I * 1 4 - J ) = S I G X ( I * J ) 
2 S I G X U 4 - I * J ) = S I G X ( I »J) 
2 S I G X ( 1 4 - 1 * 1 4 - J ) = S I G X « I * J ) 
2 S l G Y f I » 1 4 - J ) = S I G Y { I * J ) 
2 S l G Y f 1 4 - 1 . 1 4 - J ) = S I G Y ( I • J ) 
2 S I G Y ( 1 4 - 1 » J ) « S I G Y ( I * J ) 
2 T A U X Y f 1 4 - 1 * 1 4 - J ) = + T A U X Y ( I * J ) 
2 TAUXY ( I • 1 4 - J ) ss-TAUXY ( I » J ) 
2 T A U X Y ( 1 4 - 1 , J ) = - T A U X Y { I * J ) 
2 END 
2INPUT DATA1( FOR I = ( 2 * 1 * 12 ) $ FOR J = ( 2 » l * 1 2 ) $ S I G X ( I » J ) ) 
2INPUT DATA2( FOR I = (2 9 1 * 12 ) $ FOR J » ( 2 » l « 1 2 ) $ S I G Y U t J M 
2INPUT DAT A3 i FOR I = C 2 »1»12) $ FOR J = « 2 * l * 1 2 ) $ T A U X Y U * J ) ) 
2 WRITE($$ANS1*FMT1) 
2 WRITE(S$FMT2) 




20UTPUT ANSI ( FOR I = ( 3 * l » l l ) $ FOR J = ( 3 . 1 . 1 1 ) $ S l G X U » J ) ) 
20UTPUT ANS2{ FOR I = ( 3 » l » l l ) $ FOR J = ( 3 » l » l l ) $ S IGY< I • J ) ) 
20UTPUT ANS3( FOR I = ( 3 » 1 » 1 1 ) S FOR J = < 3 » 1 » 1 1 ) $ T A U X Y ( I » J ) ) 
2FORMAT F M T 1 ( * 5 * , B 2 9 5 F 1 5 . 8 
2FORMAT FMT2 CB8O9WO) 
2 F I N I S H 
T A B L E A 3 . B U C K L I N G D E T E R M I N A N T E V A L U A T I O N 
2 1 » J J 







2 I N T E G E R 
2ARRAY 
. I N T E G E R S U B S C R I P T S WHICH CORRESPOND TO F I G U R E 4 
ROW AND COLUMN OF D E T E R M I N A N T R E S P E C T I V E L Y 
THE ONLY CHANGE TO MAKE FOR THE S I M P L Y SUPPORTED CASE 
SET 0 = Q = - 1 . 0 
I S TO 
E V A L U A T I O N OF AN 8 1 X 8 1 
S I M P L E E L I M I N A T I O N 
7 0 3 I S USED I N 
I * J »K * L *N $M 
A ( 3 7 9 1 9 ) » S I G X ( 1 3 , 1 2 U S I G Y < 1 3 » 1 2 ) »TAUXY ( 1 3 , 1 2 5 
B U C K L I N G D E T E R M I N A N T 
I S USED AND A STORAGE OF 
CORE MEMORY-EDGES F I X E D 
2 R E A L O T H E R W I S E 






















FOR P = ( A N Y V A L U E S ) 
R E A D ( S S D A T A 1 ) 
R E A D ( $ $ D A T A 2 ) 
R E A D ( S S D A T A 3 ) 
M = 0 . 0 O 0 O O 0 0 O 0 
C = L . 0 
E S T A B L I S H I N G T H E C O E F F I C I E N T S FOR 




V 0 — — — O ^ S 
THE O R I G I N A L 3 7 X 1 9 M A T R I X 
( B L U E CARDS I 
A 0 — 
I 
B - 0 - * -
I 
I 




0 ~ C - — 0 - D - '0 
I 
I 
- 0 - T - — — 0 Y 
0 U 
2 THE POINTS AT C 
2 $ 
2 FOR K = ( l * l * 3 7 ) $ 
2 FOR 1 > ( 1 » 1 » 1 9 ) $ 
2BEG IN A ( K * L ) = 0 . 0 END $ 
2 N = l l $ 
2 FOR I = ( 3 * 1 * 5 ) S 
2BEG IN I F I EQL 5 $ N=3 $ 
2 FOR J = ( 3 * 1 » N ) $ 
2BEGIN 0 = 0 . 0 $ 
2 Q = 0 . 0 $ 
2 IF ( J EQL 3 ) OR ( J EQL 11 ) $ 0 = 1 . 0 $ 
2 IF ( I EQL 3) OR ( I EQL 11 ) $ Q=1 .0 $ 
2 K = ( 1 - 3 ) ( 9 . 0 ) + J - 2 $ 
2 L - ( 1 - 3 ) ( 9 . 0 ) + J - 2 $ 
2 A ( K , L ) = ( 2 0 . 0 + Q + O + ( P ) (S I G X ( I , J ) + S I G Y < I * J M ( 2 ) ) END S 
2 END $ 
2COMMENT THE POINTS AT A $ 
2 1=5 $ 
2 J * 3 $ 
2 K = ( I - 5 ) ( 9 . 0 ) + J - 2 $ 
2 L = ( 1 - 3 ) ( 9 . 0 I + J - 2 $ 
2 A ( K * L ) = 1 . 0 $ 
2COMMENT THE POINTS AT E $ 
2 N - l l $ 
2 FOR I = ( 3 * 1 * 5 ) $ 
2BEGIN I F I EQL 5 $ N=3 $ 
2 FOR J = ( 3 * 1 * N ) $ 
2BEG IN K=( 1 - 1 ) ( 9 . 0 ) + J - 2 $ 
2 L = ( 1 - 3 ) ( 9 . 0 ) + J - 2 $ 
2 A ( K * L ) = 1 . 0 END $ 
2 END $ 
2COMMENT THE POINTS AT U $ 
2 FOR I = C 3 * 1 * 4 ) $ 
2 FOR J = ( 5 * l * l l ) $ 
2BEG IN K=( 1 -3 ) ( 9 . 0 ) + J - 4 $ 
2 
2 
2 C O M M E N T 
2 
2 
2 B E G I N 
2 




2 C O M M E N T 
2 
2 
2 B E G I N 
2 
2 
2 C O M M E N T 
2 
2 
2 B E G I N 
2 




2 C O M M E N T 
2 
2 
2 B E G I N 
2 




2 C O M M E N T 
L = ( 1 - 3 ) < 9 * © . ) + J * 2 
A ( K » L ) = I . O 
T H E P O I N T S A T S 
N * 1 0 
FOR I = ( 3 * 1 . 5 ) 
I F I E Q L 5 S N = 3 
FOR J S ( 3 * L . N ) 
K * ( 1 - 3 ) ( 9 . 0 ) + J ~ L 
L = { 1 - 3 ) ( 9 . 0 ) + J - 2 
A ( K * L ) = - ( 8 • 0 + ( P ) ( S I G Y ( I » J + L ) ) 
E N D 
END 
END 
T H E 
FOR 
F O R 
K= ( I 
L = ( I 
A ( K » 
T H E 
N = 9 
F O R 
I F I 
FOR 
K * ( I 
L = ( I 
A ( K * 
E N D 
T H E 
N = 1 0 
F O R 
I F I 
FOR 
K = ( I 
L = ( I 
A ( K , 
P O I N T S A T T 
1 = 1 3 , 1 , 4 ) 
J = ( 4 , U 1 1 ) 
- 3 ) ( 9 . 0 ) + J - 3 
- 3 ) ( 9 . 0 ) + J - 2 
L ) = - ( 8 . 0 + ( P ) ( S I G Y ( I » J - L ) ) ) 
P O I N T S A T R 
I = ( 3 # L * 5 ) 
E Q L 5 $ N = 3 
J = ( 3 » 1 » N ) 
- 3 ) ( 9 . 0 ) + J 
- 3 ) ( 9 . 0 ) + J - 2 
L ) = 1 . 0 
P O I N T S AT V 
I = ( 4 , L , 5 ) 
E Q L 5 $ N = 3 
J = ( 3 . 1 , N ) 
- 4 ) ( 9 . 0 ) + J - L 
- 3 ) ( 9 . 0 ) + J - 2 
L ) = ( 2 . 0 + ( P ) ( T A U X Y ( I - L . J + 1 ) 
END 
E N D 
( 0 . 5 ) ) END 
END 
T H E P O I N T S A T X 
2 
2 
2 B E G I N 
2 




2 C O M M E N T 
2 
2 
2 B E G I N 
2 




2 C O M M E N T 
2 
2 






2 B E G I N • 
2 




2 C 0 M M E N T 
2 
2 B E G I N 
N « 1 0 
FOR 1 = 1 3 * 1 , 5 ) 
I F I E Q L 5 $ N = 3 
FOR • J » ( 3 » 1 # N ) 
K = C I - 2 ) I 9 . 0 1 + J - 1 
L = ( I - 3 ) ( 9 « G ) + J - 2 
A ( K * L ) = ( 2 . 0 - ( P ) ( T A U X Y ( I + l t J + 1 ) ) ( 0 . 5 ) ) 
T H E P O I N T S A T Y 
N = l 1 
FOR I = ( 3 . 1 * 5 ) 
I F I E Q L 5 $ N = 3 
FOR J = ( 4 » 1 * N ) 
K = ( 1 - 2 ) ( 9 . 0 ) + J - 3 
L = ( 1 - 3 ) ( 9 . 0 ) + J - 2 
A ( K * L ) = C 2 . 0 + ( P ) ( T A U X Y ( I + 1 * J - 1 ) ) ( 0 . 5 ) ) 
T H E P O I N T S A T Z 
FOR 1 = ( 4 * 1 * 4 ) 
FOR J = ( 4 * 1 , 1 1 ) 
K = ( 1 - 4 ) ( 9 . 0 ) + J - 3 
L = ( I - 3 ) ( 9 . 0 ) + J - 2 
A ( K » L ) = ( 2 . 0 - ( P ) ( T A U X Y ( I 
T H E P O I N T S A T B 
N = l l 
FOR I = ( 4 * l * 5 ) 
I F I E Q L 5 $ N = 3 
FOR J = ( 3 * 1 * N | 
K = ( 1 - 4 ) ( 9 . 0 ) + J - 2 
L » ( 1 - 3 ) ( 9 . 0 J + J - 2 





1 * J - l ) ) ( 0 . 5 ) ) END 
1 * J ) ) ) END 
END 
T H E P O I N T S AT D 
FOR 3 * 1 * 5 ) 






















2 BEG IN 













FOR J M 3 . 1 . N ) 
K=< W ) ( 9 . 0 ) + J - 2 
L « ( 1 - 3 ) t 9 . 0 ) + J ~ 2 
A ( K . L ) = - ( 8 . 0 + ( P ) ( S I G X ( I + l . J H END 
END 
REDUCING THE DETERMINANT TO AN UPPER TRIANGULAR MATRIX 
WITH THE VALUE OF THE COEFFICIENTS EQUAL TO ONE ALONG 
THE DIAGONAL AND ZEROS BELOW THE DIAGONAL 
c = c ( A ( i * m 
FOR K = M 2 . 1 * 3 7 ) 
A { K » 1 ) = ( A ( K > 1 ) ) / ( A ( 1 , 1 ) ) END 
K = l 
A ( K » 1 ) = ( A { K » 1 ) ) / « A ( 1 , 1 ) ) 
FOR L * < 2 » 1 . 1 9 ) 
I F A ( l . L ) EQL 0 . 0 $ GO TO POS1 
C = ( C ) ( A ( 1 , L ) ) 
FOR K = ( 2 * 1 * 3 7 ) 
A ( K , L ) = ( A | K » L ) ) / - ( ' A { 1 » D ) END 
K * l 
A ( K » L ) * ( A ( K * L ) ) / - « A( 1 * L ) ) 
FOR K = ( l * l , 3 7 ) 
A(K»Ly = ' ( A ( K « L ) + ( A ( K » l ) ) ) 
ADDING ONE ROW OF COEFFICIENTS AT A 
ELIMINATION PROCEEDURE 
N=4 
FOR I = ( 5 * l * 1 3 ) 
I F I GTR 5 $ N=3 
FOR J = ( N * 1 * 1 1 ) 
M-M+l 
I F ABS (C) GTR 1 . 0 * * 3 0 $ 
I F ABS «C) GTR 1 . 0 * * 3 0 $ 
END 
END 
TIME AND USING AN 
WRITE($$ANS.FMT) 
C = l . 0 0 0 0 0 0 0 0 
TO SHIFT EACH COEFFICIENT UP AND OVER ONE STEP 
FOR L = ( 2 > 1 * 1 9 ) 





































A ( K - l 9 L - 1 ) = A C K 9 L ) END 
FOR K * ( l . l * 3 7 ) 
A ( K » 1 9 ) = 0 . 0 0 0 0 0 0 0 0 END 
FOR L = ( 1 . 1 . 1 9 ) 
A ( 3 7 * L ) = 0 . 0 0 0 0 0 0 0 0 END 
I F I GTR 11 $ GO TO NEXT 
K = ( 1 - 3 ) ( 9 . 0 ) + J - 2 - M 
L = ( 1 - 3 ) ( 9 . 0 ) + J - 2 - M 
0 = 0 . 0 
Q = 0 . 0 
IF ( J EQL 3) OR ( J EQL 11) $ 0 = 1 . 0 
IF ( I EQL 11) $ Q = 1 . 0 
A ( K , L ) = ( 2 0 . 0 + Q + O + C P ) ( S I G X ( I 9 J ) + S I G Y ( I 9 J ) ) ( 2 ) ) 
IF J EQL 11 $ GO TO POST 
K = ( 1 - 3 ) ( 9 . 0 ) + J - l - M 
A ( K t L ) = - ( 8 . 0 + ( P . ) ( S I G Y d »J + 1) ) ) 
IF J EQL 3 $ GO TO POSD 
K = ( 1 - 3 ) ( 9 . 0 ) + J - 3 - M 
A ( K 9 L ) = - ( 8 . 0 + ( P ) f S I G Y ( I » J - l ) ) ) 
IF I EQL 11 $ GO TO POSB 
K = ( 1 - 2 ) ( 9 . 0 I + J - 2 - M 
A ( K » L ) = - ( 8 . 0 + ( P ) ( S I G X ( I + I 9 J ) ) ) 
I F I EQL 3 $ GO TO POSX 
K = '( 1 -4 ) ( 9 . 0 ) + J - 2 - M 
A ( K 9 L ) = - ( 8 . 0 + ( P S ( S I G X C I - I 9 J ) ) ) 
IF ( I EQL 115 OR ( J EQL 11) $ GO TO POSY 
K = ( 1 - 2 ) ( 9 . 0 l + J - l - M 
A C K * L ) = C 2 . 0 - ( P ) ( T A U X Y C 1 + 1 • J + l ) ) ( 0 . 5 ) S 
IF ( J EQL 3) OR ( I EQL 11) $ GO TO POSV 
K = ( 1 - 2 ) ( 9 . 0 I + J - 3 - M 
A ( K . L ) = ( 2 . 0 + ( P ) ( T A U X Y C I + 1 » J - 1 ) ) ( 0 . 5 ) ) 
IF ( I EQL 3) OR ( J EQL 11) $ GO TO POSA 
K = ( 1 - 4 ) ( 9 . Q J + J - 1 - M 
A ( K 9 L ) a ( 2 . 0 + ( P ) ( T A U X Y C I - 1 * J + 1 ) ) ( 0 . 5 ) ) 
IF ( I EQL 3) OR CI EQL 4 } $ GO TO POSR 
K = ( 1 - 5 ) C 9 . 0 ) + J - 2 - M 
C O 
2 P 0 S R . . I F f j EQL 10) OR ( J EQL 11) $ GO TO POSE $ 
2 A ( K » L ) - 1 * Q $ 
2 K = ( 1 - 3 ) ( 9 . 0 )-f J - M $ 
2 A ( K * L ) = 1 . 0 $ 
2 P 0 S E . . I F ( I EQL 10) OR ( I EQL 11) $ GO TO POSU $ 
2 K=( 1-1 ) ( 9 . 0 ) + J - 2 - M $ 
2 A ( K * L ) = 1 . 0 $ 
2 P 0 S U . . IF ( J EQL 3) OR ( J EQL 4 ) $ GO TO POSZ $ 
2 K = ( 1 - 3 ) ( 9 . 0 ) + J - 4 - M $ 
2 A ( K , L ) = 1 . 0 $ 
2 P 0 S Z . . I F ( I EQL 3) OR ( J EQL 3) $ GO TO NEXT $ 
2 K = ( 1 - 4 ) ( 9 . 0 ) + J - 3 - M $ 
2 A ( K » L ) = ( 2 . 0 - ( P ) ( T A U X Y ( I - 1 * J - 1 ) ) ( 0 . 5 ) ) $ 
2NEXT. • $ 
2 C = C ( A ( 1 » 1 ) ) % 
2 FOR K = ( 2 * l > 3 7 ) $ 
2BEG IN A ( K , l ) = ( A ( K , l ) ) / ( A ( l 9 l ) ) END $ 
2 K = l $ 
2 A ( K . l ) = t A ( J C . l ) ) / ( A ( l » D ) $ 
2 FOR L = ( 2 - 1 . 1 9 ) $ 
2BEGIN IF A ( l . L ) EQL 0 . 0 $ GO TO P O S H $ 
2 C - ( C ) ! A (1» L ) I $ 
2 FOR K = C 2 , 1 , 3 7 S $ 
2BEGIN A ( K , L ) = (A ( tC .L ) ) / - ( A ( l . L ) ) END $ 
2 K = l $ 
2 A ( K . L ) = ( A ( K . L ) ) / - ( A ( 1 # L ) ) $ 
2 FOR K = ( 1 . 1 . 3 7 ) $ 
2BEG IN A ( K * L ) * ( A ( K . L ) + ( A ( K 9 l ) ) ) END $ 
2 P 0 S 1 1 . 9 END $ 
2 END $ 
2 END $ 
2 P 0 S F . . W R I T E ( $ $ T I T LE) $ 
20UTPUT ANS1 ( FOR L = - ( 1 . 1 . 1 9 ) $ FOR K = ( l . l » 1 9 ) $ A ( K 9 L ) • 
2 FOR L = ( l * l » 1 9 ) $ FOR K = ( 1 9 » 1 . 3 7 ) $ A ( K » D ) $ 
2F0RMAT F M T l ( 1 9 ( B 2 9 l 9 X 6 . 2 9 W 4 ) » W 4 9 1 9 £ B 2 9 1 9 X 6 . 2 , W 4 ) ) $ 
2 WR I TE($$ANS 9 FMT) $ 
2 O U T P U T A N S « C »
 $ 
2 F O R M A T T I T L E C B 5 6 • • G O D Z I L L A * * W M $ 
2 F O R M A T F M T ( B 5 6 , F 2 Q . 1 0 * W 4 J $ 
2 I N P U T D A T A K F O R I = ( 3 * 1 » 1 1 ) $ F O R J = ( 3 9 l » l l ) $ S I G X ( I » J ) ) $ 
2 I N P U T D A T A 2 ( F O R I = ( 3 , l » l l ) $ F O R J = ( 3 » l » l l ) $ S l G Y ( I f J ) ) $ 
2 1 N P U T D A T A 3 ( F O R I = ( 3 , l . l l ) $ F O R J = ( 3 . 1 » l l ) $ T A U X Y U * J ) > $ 
2 L A S T . • E N D $ 




l o TIMOSHENKO, S, P., THEORY OF ELASTIC STABILITY, 
NEW YORK, MCGRAW-HILL, 1936C 
2 0 SALVADOR!, ME GE, '"NUMERICAL COMPUTATION OF 
BUCKLING LOADS BY FINITE DIFFERENEES", TRANSACTIONS 
OF THE AMERICAN SOCIETY OF CIVIL ENGINEERS9 H 6 s 5 9 0 , 
1951 
3O WHITE, Re N o p "STABILITY OF PLATES UNDER PARTIAL 
EDGE LOADINGS", PROCEEDINGS OF THE AMERICAN SOCIETY 
OF CIVIL ENGINEERS, EMJG PAPER NO0 573. 1962, ~ 
I|0 CHOW, LI, CONWAY, H„ Do,AND WINTER, GC, "STRESSES IN 
DEEP BEAMS", TRANSACTIONS OF THE AMERICAN SOCIETY OF 
CIVIL ENGINEERS, 118g686, 1 9 ^ ~ ~ ~ "~ 
5O CONWAY, HC DC, CHOW, LI, AND MORGAN, GD W0, "ANALYSIS 
OF DEEP BEAMS", JOURNAL OF APPLIED MECHANICS, L8SL63-172 
1951 -
6O SALVADORI, M0 G 0 , AND BARON, MQ L 0 , NUMERICAL METHODS 
IN ENGINEERING, NEW YORK, PRENTICE-HATT7 1952o 
7O SOUTHWELL, R0 V o , RELAXATION METHODS IN THEORETICAL 
PHYSICS, OXFORD, CLARENDON PRESS, 19I|60 
80 WANG, Co T o , APPLIED ELASTICITY, NEW YORK, MCGRAW-
HILL, L953O 
9O TIMOSHENKO, So PO 0 AND GOODIER, J 0 N 0, THEORY OF 
ELASTICITY, SECOND EDITION, NEW YORK, MCGRAW-HILL, 
T951". 
10o CONTE, So DC, AND DAMES, RE T o , "AN ALTERNATING 
DIRECTION METHOD FOR SOLVING THE BLHARMONIC EQUATION", 
MATHEMATICAL TABLES AND OTHER AIDS TO COMPUTATION, 12, 
PO 198, 1958C 
62 
1 1 0 Conte , S. D e and Dames, Ro T 0 , n 0 n an A l t e r n a t i n g 
D i r e c t i o n Method f o r So lv ing the P l a t e Problem wi th 
MiXed Boundary C o n d i t i o n s " , Journal o f the A s s o c i a t i o n 
f o r Pomputing Machinery , 7 , ( I 9 6 0 ) , p« 261 j . 
